ABSTRACT
and exocytosis of Weibel-Palade bodies (WPBs) 3 . WPB, originally defined as an intracellular stores for von Willebrand factor, has been recently shown to contain an increasing number of other molecules, implicating a key role for WPBs exocytosis in inflammation, angiogenesis, hemostasis and vascular tone 4 . It has been established that histamine binding to Gq-coupled H1 receptor activates phospholipase C-beta and increases intracellular calcium 5 but limited information is available concerning the mechanisms underlying these processes in endothelium. In endothelial cells, the rise in intracellular Ca 2+ induced by HRs mediates histamine inflammatory responses such as the increase of blood flow. These effects result from Ca 2+ -mediated activation of: 1.
phospholipase A2 and production of NO; 2. the localized vascular leakiness of plasma proteins; 3. ] i was calculated according to the previously described formulae 36 .
Microinjection of high concentration of NAADP
Micropipettes were pulled from capillary glass with an internal filament and backfilled. The pipettes were then mounted in the electrode holder of an Injectman pressure injection system (Eppendorf, Hamburg, Germany) used at typical pressures of 200 hPa for 2 s, which produces ∼ 1% injection volumes. Self-inactivating concentrations of NAADP were prepared at 50 mM, 100 times the final required concentration. Endothelial cells were then stimulated with 100 μM TMPH or 2 U/ml thrombin and Ca 2+ release was measured using fluo-3-AM or fura-2-AM (Invitrogen Corporation, CA).
Acid extraction of NAADP from EA.hy926 and NAADP measurements
Cells cultured in 60-mm dishes in standard medium, were washed two times with HBSS and incubated for the appropriate time at room temperature with 50 μM BAPTA-AM and either 100 μM histamine or 100 μM TMPH. All liquid was removed and ice-cold 1.5 M HClO 4 was added to stop reactions. Sonication was carried out to disrupt the cells and then all samples were centrifuged at 15,000 x g for 10 min at 4°C. Cellular pellet was stored at -80°C for later analysis, the supernatant was neutralized with an equal volume of 2 M KHCO 3 , and then centrifuged at 15,000 x g for 10 min at 4°C to remove the KClO 4 precipitate. The resulting supernatant was stored at -80°C for radioreceptor assay analysis. NAADP levels were determined as previously described 37 . Briefly, standard or sample was incubated with L. pictus egg homogenate in intracellular medium for 10 min. Then, [ 32 P]NAADP was added to give approximately 50,000 scintillation counts per tube, with a final homogenate concentration of 0.5% (v/v). After a further incubation for 10 min, the reaction was separated by filtration on Whatmann GF/B filter papers using a Brandell cell harvester.
Radioactivity was determined by storage phosphor detection, and sample concentrations interpolated from the standard curve.
Lysosomes and Ned-19 staining
Cells were incubated with 200 ng/ml LysoTracker Red (Invitrogen Corporation, CA) for 30 min and with 100 μM Ned-19.
Cells were viewed with on a Zeiss 510 META confocal microscope, in multitrack mode to reduce bleed-through, using the following excitation/emission parameters (nm): Ned-19 (364/385-490),
LTR (543/>560).
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ELISA for von Willebrand Factor
An imunobind ELISA assay (American Diagnostic Inc., Stamford, CT) was performed to measure levels of vWF released in culture medium after stimulation with 100 μM TMPH, 100 μM histamine and 2 U/ml thrombin (Calbiochem, Merck, Germany). Confluent monolayer of HUVEC, grown in 6-well plates, were washed in HBSS and then incubated in OPTI-MEM I (Invitrogen Corporation, CA) in the presence or absence of the reported agonists for 20 min. Supernatants were collected and 100 μl of each sample was tested. vWF ELISA assay was performed using the same number of cells.
Design and transfection of TPC1 and TPC2 siRNA duplexes.
Small interfering RNA (siRNA) duplex oligonucleotides against the coding sequence of human TPC1 and TPC2 cDNA were designed and purchased from Integrated DNA Technologies (Coralville, IA). We selected two target sequences respectively for TPC1 and TPC2: 5'-rCrCrA rGrGrA rCrUrC rGrGrA rArGrU rUrGrA rUrGrG rUrGG C-3' (sense), rGrCrC rArCrC rArUrC rArArC rUrUrC rCrGrA rGrUrC rCrUrG rGrUrU (antisense) and 5'-rCrCrA rUrCrA rUrUrG rGrGrA rUrCrA rArCrU rUrGrU rUrUA G-3' (sense), rCrUrA rArArC rArArG rUrUrG rArUrC rCrCrA rArUrG rArUrG rGrCrA (antisense). Transfection with 40nM of each siRNA in HUVEC was carried out by using 0.2% v/v Oligofectamine (Invitrogen), according to the manufacturer's instructions. Fresh medium was added 4 h after transfection and experiments were conducted for 48 h. Non-targeting control siRNA-A (Santa Cruz, CA) was used as control.
Statistical analysis
Data are presented as the mean ± SEM of results from at least three independent experiments. A Student's t test was used for statistical comparison between means where applicable. 41 . Cells were treated with 500 nM bafilomycin A1, or with vehicle alone, and then stimulated with 100 μM TMPH ( Fig. 2A-C ] i was induced compared to cells challenged with vehicle alone (Fig. 3A-B) .
We further tested the involvement of NAADP in H1 receptor signalling by desensitizing the NAADP receptor by microinjecting high concentrations of NAADP as demonstrated in previous studies 15, 43, 44 . As shown in Fig. 3 Taken together, these data demonstrate that Ca 2+ induced by NAADP plays a specific and primary role in endothelial cells histamine H1 receptors signalling.
TMPH stimulates NAADP production in endothelial cells
It has been recently demonstrated that in different cell types a variety of agonists can stimulate NAADP production 32, 37 . Generation of NAADP in response to agonist stimulation demonstrates an important role of this second messenger in the release of Ca 2+ from intracellular stores 43, 45, 46 . Figure 4 shows intracellular NAADP measurement in endothelial cells after stimulation with TMPH or with vehicle alone. In this experiment we performed a radioreceptor binding assay as described by Lewis et al. 37 . As shown, TMPH leads to a time-dependent rise in intracellular NAADP levels, confirming the correlation between H1 receptor and NAADP as specific second messenger.At variance with the kinetics of NAADP increase induced by TMPH, thrombin stimulation resulted in a high but delayed and transient increase in NAADP synthesis with a peak after 1 min and reversion to basal level within 2 min (Supplemental Fig. 1S ). 
NAADP receptor has a primary role in TMPH-and histamine-induced

Role of NAADP in regulating vWF secretion
Endothelial exocytosis is one of the earliest responses to vascular damage and plays a pivotal role in thrombosis and inflammation 47 . Von Willebrand factor is the major component inside WeibelPalade bodies (WPBs), the secretory organelles of endothelial cells that also store other vascular (Fig. 6B) . These data underline a primary role of NAADP as fundamental second messenger specifically involved in H1R signalling in endothelial cells.
Recently it has been described that TPC1 and TPC2 represent specific receptors for NAADP. In our cells TPC1:TPC2 relative expression, evaluated by Real Time PCR, was found to be 9:1. To further verify the fundamental role of NAADP in the secretion of vWF stimulated through H1R, we performed experiments of genetic silencing of TPC NAADP receptors followed by evaluation of vWF release. Primary HUVEC were transfected with siRNAs specific for TPC1 and TPC2, and 48h later we measured the acute release of vWF stimulated by 100 μM TMPH for 20 min at 37°C. The efficiency of TPC receptors downregulation, evaluated by qRT-PCR, was found to average about 80% for TPC1 and 40% for TPC2. As shown in Fig. 7 , combined down-regulation of TPC1 and TPC2 receptors completely inhibits the secretion of vWF induced by TMPH, which is unaffected in cells transfected with non-targeting control siRNA. The observation that TPCs silencing fails to affect the response to thrombin reinforces our previous evidence and provides more extensive support for a specific link between NAADP and exocytosis of WPBs . 49 . Proteins contained in WPBs have been shown to promote neutrophil and platelet adhesion to vessel walls as well as vascular inflammation 47 . Therefore, the inhibition and regulation of endothelial cell exocytosis appear to play a fundamental role in downregulating inflammation and vascular thrombosis. It is known that increased levels of cytosolic free Ca The combined analysis of data from pharmacological NAADP inhibition and from TPCs downregulation demonstrates that NAADP totally and specifically controls calcium signalling and the resulting vWF secretion mediated through H1R but not those elicited by the control agonist thrombin. A side observation from our experiments is that the involvement of TPCs in the secretory response to histamine is not obligatory, suggesting the possible existence of some indirect crosstalk between the signalling pathways linked to H1R and H2R, the latter implying also cAMP production. It could be speculated that histamine engagement of both H1 and H2 receptors through cAMP production possibly results in the recruitment of additional NAADP receptors other than
TPCs.
In conclusion, we demonstrate that NAADP is a specific and essential regulator of histamine H1
receptor in endothelial cells. Besides the well studied mechanism of H1R signal transduction via 
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